Abstract-Antimicrobial efficiency of extracts derived from Trifolium pratense (in vivo and in vitro grown plants, including callus) were examined using ethanol and methanol as solvents and tested against four bacterial pathogens (two gram negative and two gram positive) and three fungal pathogens. The antimicrobial activity of the methanol extract was found to give higher inhibition zone when compared with ethanol extract. Among the callus, in vitro and in vivo grown plants, the callus extract showed better antimicrobial activity, thus revealing a new potential use of callus of Trifolium pretense.
I. INTRODUCTION
The use of medicinal plants as a source of antimicrobial can be traced back over five millennia. Plants are rich source of effective and safe medicines that often used in the treatment of various ailments. There are many published reports from different parts of the world on the antimicrobial properties of medicinal plants, and as a result, plants are still recognized as the bedrock for modern medicine to treat infectious diseases [1] , [2] . Trifolium pratense L. is a versatile forage legume which is widely used and commonly known as Red clover [3] .
Red clover belongs to the Fabaceae family that has been known for many countries as important forage plants and valuable herbs in folk medicine. The Fabaceae family comprises of about 240 species of clovers, occurring in temperate and subtropical regions of both hemispheres. Among all clovers, Red clover is the best known clover that is being used for the production of herbal medicines, and alternative to the conventional hormonal replacement therapy [4] , [5] .
Many reports have shown that Red clover is a rich source of isoflavones (plant based chemicals that act like estrogens in the body). The majority of the studies on the biological properties of Red clover and is focused on its phytoestrogenic action, being a result of isoflavone content [6] .
Red clover has been used in traditional medicine by different cultures. For example, in Turkish folk medicine, Red clover has been used for its expectorant, analgesic and antiseptic properties [7] . In Pakistan, it is useful in the treatment of sore throat, fever, pneumonia, meningitis and feverish feeling [8] . In some parts of Europe, Red clover is one of the folk medicine for stomach disorders [9] . Native Americans have used Red clover to cure external skin problems and lung illnesses [10] . The importance of Red clover in traditional medicine and antimicrobial effect of phenolic extract of Red clover on the ruminal hyper ammonia-producing bacterium, Clostridium sticklandii [11] prompted us to further evaluate the possible antibacterial and antifungal properties of this plant. The potential uses of in vitro propagated plants as sources for new drugs are still largely unexplored. Based on several investigative studies, a compound produced in an in vivo plant could be produced at the same or different levels or not produced at all in an in vitro grown plant [12] . The variety of compounds produced in in vivo and in vitro plants can show different bioactivity potential. Hence, in this study the antibacterial and antifungal properties of Ethanolic and Methanolic extracts of in vivo grown Red clover were measured and compared with in vitro grown plants and callus tissue of Red clover.
II. MATERIALS AND METHOD

A. In Vivo Plant Samples
Seeds of Trifolium pratense L. were purchased from Stock Seed Farms (Murdock, US) and were cultivated in the growth room of Institute of Biological Science, Faculty of Science, Universiti of Malaya. The complete Red clover plants generated from the cultivated seeds were collected after 6 weeks of germination. The roots of the plants were removed and the aerial parts were used as in vivo plant material.
B. In Vitro Plant Samples
Some of the purchased seeds were surfaced sterilized by first placing under running tap water for 30 minutes, rinsed once with sterile distilled water and immersed in 50% Clorox containing 2 drops of Tween 20 for 2 minutes. The seeds were then rinsed five times with sterile distilled water and immersed in 10% Clorox for one minute. Again the seeds were rinsed five times using sterile distilled water and immersed in 70% ethanol for 1 minute (under laminar air flow). The seeds were lastly rinsed five times with sterile distilled water and blotted on sterilized filter paper.
The sterilized seeds were then germinated on Murashige and Skoog (MS) medium without any hormones. The in vitro regenerated Red clover after six weeks of culture was used as one of the plant materials in this study.
Callus tissue of Red clover was also produced using MS medium containing 0.5 mg/l BAP and 1 mg/l IBA. -week-old callus was collected as one of the in vitro plant materials/samples.
C. Extract Preparation
The plant samples (in vivo and in vitro grown plant as well as callus tissues) were dried in an incubator at 40°C and were then ground to produce fine homogenous powder using an electric blender. The fine powder (3 g) was soaked in 40 ml of 95% ethanol or Methanol at room temperature in the dark for three days before it was filtered through Whatman® No. 1 filter paper (Whatman International, England). The filtered solutions were then evaporated to dryness by placing them in a water bath at 40°C overnight. The plant extracts (100 mg/ml) were dissolved in Dimethyl sulfoxide (DMSO) and kept at 4°C until required for the experiments.
D. Antimicrobial Activity Essay
The antibacterial potential of ethanolic and methanolic extracts of Red clover was studied using the paper disc diffusion method of Kil et al., [13] . Two gram-negative pathogenic bacteria (Escherichia coli and Pseudomonas aeruginosa) and two gram-positive pathogenic bacteria (Staphylococcus aureus and Bacillus cereus) were obtained from the Microbiology Division of Institute of Biological Sciences, University of Malaya and then grown in nutrient broth medium to yield a final concentration of 10 7 colony forming unit (CFU)/ml. The test bacteria (0.1 ml) were streaked on Mueller Hinton medium plates using sterile cotton swab. Sterilized filter paper discs were soaked in ethanolic and methanolic extracts (100 mg/ml) and were then placed in the center of test bacteria plates. The plates were incubated for 24 h and the diameters of the inhibition zones were measured. Tetracycline disc (30 μg) and DMSO were used as the positive and negative controls, respectively. All measurement were performed in triplicate and mean values ± SD were recorded.
E. Antifungal Activity Assay
Antifungal activity was measured using paper disc diffusion method of Erturk [14] . Twenty mL of Sabouraud Dextrose Agar (SDA) was poured into each 15 cm petri dish. The fungal strains used in this study were Aspergillus niger, Candida albicans and Fusarium verticillioides which were grown in Sabouraud Dextrose Broth at 27˚C for 48 hours. Growth was adjusted to OD (600 nm) of 0.1 by dilution with Sabouraud Dextrose Broth. 0.1 mL of suspension containing approximately 10 8 fungal/mL were placed over agar in petri dishes and dispersed using sterile cotton swab. Then sterilized filter paper discs (6 mm diameter) were soaked in ethanolic and methanolic extracts of each sample (100 mg/ml) and were then placed in the center of test fungal plates. One hundred units of Nystatin were used as a positive control and DMSO as a negative control. Inhibition zones were determined in mm after incubation at 27˚C for 72 hours. All experiments were done in triplicate.
III. RESULTS AND DISCUSSION
In the present investigation, the inhibitory effect of ethanolic and methanolic extracts of in vivo, in vitro and callus from Trifolium pratense were evaluated against both fungicidal and bacterial strains. The antimicrobial activity was determined using paper disc diffusion method and summarized in Tables I and II . The antimicrobial potential of the experimental plants were evaluated according to their zone of inhibition against various pathogens and the results (zone of inhibition) were compared with the activity of the standards. The results revealed that all callus, in vivo and in vitro plant extracts are potent antimicrobial against three of the bacteria strains and two fungal strains studied (S.a, B.c, E.c, A.n and C.n). The callus extract showed antimicrobial activities against all microorganisms tested. Among the two solvents extracts studied, methanol extract showed higher degree of inhibition followed by ethanol extract. For all the investigated microorganisms, the callus extract showed maximum antibacterial and antifungal activities. In ethanolic extract, maximum inhibition zone diameter among all the tested microorganisms was obtained in E. coli with diameter of 16±1.76 mm. Similarly, methanol extract showed maximum inhibition zone with diameter of 16±1.66 mm in B. cereus and 16±1.44 mm in C. albicans. The present study is in agreement with the previous reports on higher antimicrobial activities of methanolic plant extracts than ethanolic [15] - [17] . From the results, it is clear that the effectiveness of the extracts largely depends on the type of solvent used.
The results of this study also confirmed the study of Gami and Kothari [18] , Dhabhi et al., [19] and Shafique et al., [20] whereby, they showed that antimicrobial activities of callus and in vitro grown plants were higher than in vivo grown plants. The higher antimicrobial activity of the callus extract might be either related to the production of a compound produced in only undifferentiated callus cells or may be produced in higher amounts in these cells when compared to differentiated cells. Several quantitative estimations and studies showed that the production of biocompounds can vary between differentiated and undifferentiated plant cells. For example, Tanwer et al., [21] reported that calli of S. acemella produced a higher amount of sugars when compared with stem, leaves and roots of the intact plant. Jana and Shekhawat [22] also showed that the callus cells of A. graveolens produced saponins, while the in vitro leaf cells were not able to produce the same compound.
In conclusion, the present investigation revealed that the callus extract of Trifolium pratense contains higher antimicrobial activities than in vivo and in vitro grown plants. Although this potential is significantly smaller than positive control, these findings indicate that in vitro culture or even undifferentiated cells of callus can improve the quality of plant materials for medicinal uses.
